Abstract. When designing pumping equipment the question arises not only of the improvement of the existing types but also the search for a new principle of uniting the supporting elements with the elements of the formation of the working cameras of the pump. The purpose of the work is to provide a substantiation of the possibilities and expediency of designing a de-axial pump based on the Rolomite mechanism. Conditions ensuring the efficiency of the mechanism are considered on the basis of a specific hydraulic pump; the principle of inlet and outlet windows placement is justified. Analytical calculation of camera areas with the help of the created model in SolidWorks is provided and the coefficient of liquid compression is determined. The graphs of changing the areas of large and small cameras are presented.
Introduction
Today, almost no industry can do without the use of pumps and pumping systems of various structures, although until recently they were mainly used for the purpose of taking, pumping and supplying exclusively liquid. Even before our era, the first pumps were invented precisely for this purpose, which were mainly used for extinguishing fires. The twenty-first century, with the accelerated development of high-tech industries, puts new demands on designers of pumping equipment, since there is an urgent need to transport not only water, but also other liquids, different in their physicochemical properties and characteristics, and in particular oil and petroleum products. Therefore, actual requirements for the improvement of pumping equipment become relevant.
being pumped up, fills the working camera, and then it is pushed out of it into the injection pipeline. The working camera is a temporarily closed space, which is limited to movable and stationary parts of the pump and changes its volume during the pump operation. Movement of the parts provides a change in the volume of the working camera and, as a consequence, pumping of the liquid.
Efficiency coefficient for these pumps can be divided into two components and written as follows:
where з η is a general efficiency coefficient of a rotor pump; 1 η is a hydraulic component of the efficiency coefficient; 2 η is a mechanical component of the efficiency coefficient.
For example, for a gear pump, a hydraulic component is affected by fluid losses due to radial gaps between the cylindrical surfaces of the body recesses and the outer surfaces of the teeth gears, as well as through the gap between the teeth. The value of the radial gap is determined by the possible size of the gap in the bearings and their non-alignment, as well as the magnitude of the eccentricity of the gears in the blocks of the case. The given losses comprise about 75-80 % of total losses in the pump [1] . Traditional methods to combat these losses [2] lead to complications of pump designs.
In addition to hydraulic losses, the value of the pump's efficiency is influenced by its mechanical part, namely: type of bearings, seal construction, accuracy and treatment of friction surfaces. The complexity of the design (and, consequently, high cost) is due to the need for thorough sealing of the suction and exhaust volumes (cameras) of the pump, fitting and grinding of the contact parts, high requirements for the quality of assembling and operation.
In the case of a gapless clutch there is undesirable compression of the fluid, which causes large loads on the gears and leads to increased wear of the teeth and overheating of the shaft and bearings. There are ways to combat compression [2] , but this further complicates the design.
Another disadvantage of rotary pumps is high requirements for the fluid to be pumped, since the tightness of most rotary pumps is achieved by tight fitting of moving parts to the fixed ones. To ensure the durability of sealing elements, it is necessary that the fluid to be pumped does not create abrasive action on the part (for example, the sand, falling between the teeth, increases the slip of the teeth profiles, which accelerates their wear).
In order to avoid the negative influence of these disadvantages on the qualitative parameters of the existing rotary volumetric hydraulic pumps, we have proposed a fundamentally new rotary hydraulic pump [4] . It uses the advanced Rolamite mechanism with an electromagnetic drive.
An American inventor Donald Wilkes has patented the "Rolamite" mechanism [3] . This mechanism consisted of two rollers held on the track, on the opposite sides of the S-shaped tape of elastic metal, along which the rollers move, so the group moves along with them. Since the tape and rollers move at the same speed, there is no slip or drag between them, and therefore there is practically no friction. The device is so versatile that it can function as a switch, valve, pump, fuse, thermostat, amplifier, coupling, speed change device, brake, pressure sensor, electromagnet, fire alarm. [3] . As a result of the experiments, it was found that the beryllium copper strips used in Rolamite were so strong that they showed no signs of metal fatigue after 1000,000 bends.
During further experiments, it was discovered that, due to the tension of the flexible tape, the slip of the rollers is practically eliminated, providing the least frictional losses with a coefficient of less than 0.0005, i.e., slip friction turns into almost pure rolling without the use of lubrication [8] .
The paper [11] notes that frictional losses are significantly reduced when using Rolamite based devices. Friction losses in such devices are much less than alternative, because they do not contain slippery surfaces -identical areas of the surface of the roller and the tape are always in contact. The design of many Rolamite devices eliminates the use of lubricants, and therefore they are especially useful in places where high vacuum or high temperature changes make it difficult to find suitable lubricants.
Small friction coefficient and various combinations that can be made by changing the size of the rollers and tapes, have stipulated application of this mechanism not only in technology but in human life. The paper [12] describes the methods of applying the Rolamite principles to create upper extremity prostheses, which can restore the important function of the human hand.
The paper [13] describes the application of this mechanism in dentistry. Insignificant frictional force makes it possible to create different variations of prosthetics.
In the former Soviet Union, mechanisms of this type were not often mentioned. The scientists of the Scientific and Research Laboratory "Vibrotechnics" of Kaunas Polytechnic Institute were among the first in the USSR to begin the investigation of these mechanisms [9] . During the research, it was found that due to the high tension of the tape, significant normal forces between the tape and the rollers practically exclude slipping [9] .
For the most part, pumps that were built on the Rolamite mechanism were of a parietal type. For example, an author's certificate [10] shows one of these pumps. Its disadvantages are low reliability due to relatively poor adhesion of a thin flexible strain strip with a vibrating surface of the drum, which is also complicated by a relatively small surface of contact between the tape and the drum and, consequently, the reduction of the efficiency coefficient and the power of the pump.
The principle of using this mechanism in two mutually perpendicular planes is interesting [14] . The mechanisms, in which free space, formed between working and distributing rollers, began to be used, can be called a new group of such mechanisms. One of such mechanisms is the mechanism of a gas meter [7] . The invention refers to gas control devices and can be used to control fluid flow. Its moving part is made in the form of three hollow rollers, separated by an endless elastic band. Distributing rollers have the opportunity to interact with the axle of the body, and the working ones -with its inner surface. Each of the working rollers is made with an external radius, four times smaller than the radius of the inner surface of the body. The constant contact of the rollers with the body and the endless tape allows the cylindrical generators to safely cut off the guaranteed measured volume of the substance, which provides reduction of the measurement error.
The Goal and Objectives of Research
The goal is to substantiate the possibilities and feasibility of using a de-axial Rolamite mechanism as the basis for a fundamentally new bulk type hydraulic pump.
The objectives are as follows: 1) establishment of conditions ensuring the efficiency of the mechanism; 2) substantiation of rational placement of inlet and outlet windows; 3) project definition of the cyclic calculated volume of the pumped liquid; 4) determination of the liquid volume based on a specific example of the pump and the amount of the liquid compression.
Presenting the Main Material
Suppose that n 1 peripheral rollers, that do not touch each other, are in constant contact: externally with a curved cylindrical surface, and from the opposite sides with the same number of n 2 rollers, which have the ability to continuously contact with the outer surface of the spike, located eccentrically with respect to the axis of a concave cylindrical surface, and with the rollers n 1 dividing the peripheral rollers below their axes.
If any roller moves along the surface of a fixed spike or the fixed concave cylindrical surface, then as a result of the closure of the kinematic chain, all other rollers will start moving by sliding.
We separate the group of n 1 rollers by a pre-stretched infinite elastic thin ribbon from the group of n 2 rollers in the zone of their adjoining (Fig. 2) and specify a plane-parallel motion of one of them. Then the group of n 1 rollers will roll over the stationary inner surface of the peripheral cylindrical surface, and group n 2 -on the outer surface of the spike. Each of the rollers will also roll with a slight slip on the specified tape. In the given paper [3] it is proved that the coefficient of friction of this slip will be about 0.0005, and the efficiency coefficient of such mechanism is approaching 1.
The advantages of the obtained mechanism as a base for the pump are the possibility to obtain the movement of the links in the closed space, the regular overlap with the rollers of the input and output windows located on the stationary rolling surfaces, the formation of cameras between the stationary rolling surfaces and the rollers, separated by a tape, with slight slip. To increase the volume of working cameras, this mechanism allows you to limit the number of rollers n 1 = n 2 = 3.
The proposed improvement of the Rolamite mechanism [4] consists of the eccentric arrangement of fixed rolling bearings (Figs. 2 and 3) , which enables not only to get rid of unnecessary technological supporting elements (for example, bearings), but also to simplify the technological process of manufacturing this construction both in terms of technological operations, and in terms of manufacturing precision.
The working elements in the new pump are working 6 and distributing rollers 5 made of dielectric material, except for one working roller 8 made of ferromagnetic material and separated by an infinite dielectric elastic thin ribbon 4. The distributing rollers are provided with the ability to interact with a fixed spike 7, which is eccentrically fixed in the body 2, and the working rollers are rolling on its internal surface. Permanent contact of working rollers with a cylindrical surface, and the distributing ones with the axle of the body and the coverage of the rollers with a tape, makes it possible to avoid liquid losses due to the presence of a radial gap, which allows increasing the productivity of the pump.
The proposed hydraulic pump runs as follows. When the drive 1 is activated, there is a running magnetic field [5] . It forces the ferromagnetic working roller 8 to roll along the inner cylindrical guide line of the body 2. Due to the kinematic connection of this roller with other rollers, with the help of tape 4, they will begin rolling: the working rollers -along the cylindrical surface of the body 2, and the distributing ones -along the spike 7. Since the spike 7 is made eccentric, the volume between rollers will start to change. In this case, the volume of the liquid, between the two adjacent working 6 and distributing 5 rollers, will begin to decrease from the injection cavities to the suction cavities. In the suction zone, the volumes that increase between the rollers are filled with the liquid that under the atmospheric pressure gets from the tank through holes B and b. When the volume between the rollers is reduced, the liquid from them will be pushed into the pressure line through windows C and c. Fig. 1 shows the scheme of inlet and outlet windows placement. The windows are arranged in such a way that when the roller 6 closes the window B, that is, it cuts off a certain portion of the liquid (cavity A), the roller 6 opens the exhaust window and as a consequence the liquid from the cavity A is fed further into the pipeline. This solution prevents the flow of fluid from one cavity to another. Thus, the rollers simultaneously play the role of valves.
The peculiarity of this design is that this pump allows (if necessary) to work simultaneously with two different types of liquid, which is achieved through the system of two independent working cameras that are formed by working and distributing rollers (camera 1), distributing rollers and a spike (camera 2). In the electromagnet used as a drive, performed on the principle of the rolling rotor [5] , when the current is applied, a running magnetic field affects a ferromagnetic roller. This allows: 1) rolling bodies to perform a dual function -as rolling bearings and cutting off a portion of the liquid; 2) receive a rotary motion of working elements in a closed space, which solves the problem of sealing the working area and avoiding the loss of instantaneous flow due to the fluid leakage in radial gaps.
The area of the change of working cameras formed by working and distributing rollers is determined as follows (Fig. 4) .
From the triangle OO 1t1 O 10 you can determine the angle α 180 2
where t ω is the angle of rotation of the rollers from the initial position;
and the length of the side O 1t1 O 10 11 1110 sin sin 
where 101 e OORRe =−− , 
where ( )
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The found angles give an opportunity to determine the area of the sectors as follows: The total area of the working camera 1234567 . SSSSSSSS =−−−−−− (21) If all these areas are multiplied by the length of the rollers, we obtain approximately the corresponding volumes of the liquid (without taking into account the leakage through the gaps between the ends of the rollers and the walls of the body).
For parameters 12 120mm;40mm;29.6mm;10mm RRR е ==== and the width of the pump 100 mm, the change in the working space of the working cameras is shown in Fig. 4 . The calculations are made in Microsoft Excel software. For testing, a pump model was created in the SolidWorks 2017 program. The model is shown in Fig. 6 . Here a larger area (formed by working rollers) is highlighted in pink colour and a smaller one (formed by distributing rollers) -in blue. When the moving rollers of the pump are turning at 360°, we get a change of area. The result of the area change is shown in Fig. 7. Fig. 8 shows the scaled-up "blue" area. The theoretical performance of the pump can be determined by the formula:
where T S ∆ is the difference between maximum and minimum area.
The conditions for maintaining the pump's performance (see Fig. 9 ) are: -the criterion for the existence of an S-ribbon 1212 
-the condition of the absence of contact between the tape and the guide roller 
